Mafic intrusive rocks are subordinately represented fragments of the oceanic crust in the ophiolite mélange exposed at Mts. Kalnik and Ivanščica located in the NW Dinaric-Vardar ophiolite zone. This ophiolite mélange occurs in the northern area of the Kalnik Unit and represents the SW surface boundary of the Zagorje-Mid-Transdanubian Shear Zone. The mélange, except for mafic intrusive rocks, consists of a chaotic mixture of various extrusive rocks formed in different tectonic settings of the Repno Oceanic Domain (ROD). The ROD was the segment of Neo-Tethys that connects the Meliata-Maliak and Dinaric-Vardar oceanic systems. Previous study of mafic extrusive sequences suggested an 80 Ma period of tectono-magmatic evolution of the ROD from intra-continental rifting during the Anisian, to the formation of proto-arc crust during the Callovian-Oxfordian. The domain exposes ophiolitic rocks in four mé-lange areas. Isotropic gabbroic rocks that are abundant in two northern areas (Mts. Kalnik and Ivanščica), can be discriminated into three distinct geochemical groups: Representative gabbro samples of each geochemical group were dated by the Ar-Ar and/or the K-Ar dating method. The Early Jurassic N-MORB-type gabbros (geochemical group A), ~185 Ma old, signifies a peculiar stage of PalaeoTethyan slab break-off. The Late Jurassic IAT-type gabbros (geochemical group B), ~147 Ma old, is the vestige of a nascent intra-oceanic arc, whilst the Early Cretaceous BABB-type gabbros (geochemical group C), ~100 Ma old, provides evidence of magmatism in the back-arc marginal basin. The analyzed gabbroic rocks enable refinement and completion of the geodynamic evolution of the ROD, from the opening of an ensialic back-arc basin during the Ladinian and a continuous spreading event until the Bajocian. Intra-oceanic convergence was initiated in the Bathonian, with the formation of a nascent island-arc during the Tithonian, leading to formation of a Cretaceous ensimatic backarc marginal basin. There are many lines of evidence that correlate the geodynamic evolution of the ROD with the Albanide-Hellenide Neo-Tethyan oceanic segment.
INtrODUctION
The oceanic lithosphere may be preserved as large thrust sheets of a relatively undisturbed coherent lithostratigraphic pile (ophiolite complex) thrust onto a tectono-sedimentary unit which represents a chaotic mixture of various (in terms of age and lithology), ophiolitic rock fragments, embedded in a matrix during accretion, obduction and emplacement onto the continental margin (ophiolite mélange). Ophiolite mé-langes are by consensus understood as chaotic tectono-sedimentary complexes initially deposited by tectonically induced sedimentary processes in the deep ocean trench (accretionary wedge) from a fore-arc region over the subducting plate in front of the leading edge of the overriding plate (FESTA et al., 2010) . Consequently, the mélange mostly incorporates very heterogeneous magmatic material, derived from both interfaced oceanic sides of the accretionary wedge, representing remnants of different tectonostratigraphic units formed during the lengthy evolution of an oceanic system. Many mélanges are overlain by slices of coherent fragments of the genetically related oceanic lithosphere (ophiolites) which may include lithologies not found in the associated mé-lange and vice versa (eg. WAKABAYASHI & DILEK, 2003) . Only the systematic petrological and geochemical analyses of ophiolite thrust sheets and magmatic rock fragments archived in the associated mélanges provide the opportunity to study the history of an oceanic system in order to understand the complete geodynamic evolution of an ancient oceanic domain; from intracontinental rifting, onset of oceanization and formation of oceanic lithosphere, through spreading and convergence until the closure and final ophiolite emplacement. Such systematic studies are particularly useful when regional field relationships fail in areas of poorly exposed ophiolitic rocks such as the Sava Zone or the Pannonian Basin.
In the SW segment of the Zagorje-Mid-Transdanubian shear Zone (ZMTDZ), i.e. in the northeasternmost border of the Sava-Vardar Zone (SVZ) a tectono-sedimentary ophiolite mélange is observed in the form of separate areas outcropping and forming the slopes of Mts. Kalnik, Ivanščica, Medvednica & Samoborska Gora (e.g. PAMIĆ & TOM LJE NOVIĆ, 1998 ; with references; Fig. 1A ). All these mélange areas are integrated as a single tectonostratigraphic unit named by HAAS et al. (2000) as the Kalnik Unit (Fig. 1B) . On account of similar textural features, all the mélange areas of the Kalnik Unit provide strong evidence for a discrete Mesozoic oceanic domain called the Repno Oceanic Domain (ROD -sensu BABIĆ et al., 2002) . The ROD was a part of the Neo-Tehtys Oceanic realm and links the Meliata-Maliak and DinaricVardar oceanic domains (BABIĆ et al., 2002; Fig. 1C) . This may be understood to represent the key oceanic domain connecting the Central Dinaridic ophiolites located to the SW, with Meliata-Maliak ophiolites to the NE and the Alpine ophiolites to the NW (SLOVENEC & LUGOVIĆ 2008 SLOVENEC et al., 2010 SLOVENEC et al., , 2011 . The ROD is documented mainly by isolated bodies of extrusive rocks, whereas coherent fragments of oceanic lithosphere (ophiolite complexes) are lacking. It contains four separate ophiolite mélange areas in two southern (Mts. Medvednica and Samoborska Gora), and two northern parts (Mts. Ivanščica and Kalnik) (Fig. 1A-B ). Extensive studies of extrusive rocks, particularly the pillow-basalts associated with radiolarian cherts from all four mélange areas (SLOVENEC & LUGOVIĆ, 2009 SLOVENEC et al., 2010 SLOVENEC et al., , 2011 KISS et al., 2012) , and intrusive gabbroic rocks from the Mt. Medvednica ophiolite mé-lange (SLOVENEC & LUGOVIĆ, 2008) , provided a highresolution view of the geodynamic evolution of the ROD that commenced with intra-continental rifting during Anisian time. This was followed by the formation of the proto-oceanic crust, followed by the onset of spreading and maximum widening of the oceanic domain in the Bajocian, until the formation of an infant proto-arc crust in the Callovian-Oxfordian.
In many mélange portions, extrusive rock sequences are generally the most abundant fragments. However, subordinate blocks of intrusive gabbroic rocks can also be an excellent magmatic indicator of a geotectonic setting. Although the hectometre-scale gabbroic blocks are relatively abundant in the Kalnik and Ivanščica Mts. mélange areas of the ROD ( Fig. 2A-B) , they have not been previously investigated in detail. The gabbroic rocks from the Kalnik and Ivanščica Mts. mélange are dated here by Ar-Ar and/or K-Ar dating methods and can be geochemically and petrologically categorized into three distinct groups. Therefore, they can represent different geotectonic formational settings that were not recognized in previous research.
The aim of this work is to provide an overall petrological and geochemical characterization of the Mt. Kalnik and Ivanščica gabbroic rocks to determine their petrogenesis and to propose a likely geotectonic setting for their formation, with the purpose of improving and completing our knowledge of the geodynamic evolution of the ROD as a discrete Mesozoic domain that was the corner-stone between the Meliata-Maliak and Dinaric-Vardar oceanic systems. The Kalnik and Ivanščica Mts. gabbroic rocks are correlated with equivalent rocks from the nearby Mt. Medvednica highlighting their potential geotectonic link. With reference to the chronology of particular tectonomagmatic episodes, the inferred geodynamic model for the ROD in many respects correlates with the model for the Albanide-Hellenide Neo-Tethyan ocean segment, as deduced from the study of ophiolites and ophiolite mélanges in the latter area (SACCANI et al., 2011) .
rEGIONAL GEOLOGIcAL sEttING
Geographically the study area is located in the northernmost part of the Dinarides, located between the Adriatic Sea and the Southern Alps in the southwest and west and the Pannonian Basin with some inselbergs in the north and east (Fig.  1A-B) . The Dinarides represent an Alpine fold-thrust belt, bordered to the southwest by the Adriatic (Apulian) microplate, the Southalpine and Austroalpine Unit to the north and by the Tisza Mega-Unit to the east (HAAS et al., 2000; Fig. 1B) . They are subdivided into the External Dinarides, mainly consisting of Mesozoic carbonate platforms (VLAHOVIĆ et al., 2005) , and the Internal Dinarides which comprise several zones: The Bosnian flysch zone is overlain by a zone composed of Upper Jurassic to Cretaceous mixed carbonate and siliciclastic sedimentary units, derived from a distal (after PAMIĆ, 2000) . Legend: 1 -External units (External Dinarides and Alps); 2 -Internal units [Passive continental margin, Central Dinaride Ophiolite Belt (CDOB), Mirdita Zone]; 3 -Periadriatic-Sava-Vardar Zone; 4 -Serbo-Macedonian Massif; 5 -Pelagonides; 6 -Golija Zone; 7 -Zagorje-Mid-Transdanubian Zone; 8 -Pannonian Basin. Faults: BL -Balaton; DF -Drava; PL -Periadriatic Lineament; SF -Sava Fault; SP -Scutari-Peć; SN -Sava Nape; VF -Vardar; ZZ -ZagrebZemplin. Mountains: I -Ivanščica; K -Kalnik; Ko -Kopaonik; Kz -Kozara; Md -Medvednica; SG -Samoborska Gora; SD -Szarvaskö-Darnó; Bü -Bükk. B -Bódva valley; JK -Jaklovce. (b) Sketch map of the structural units and major lineaments (modified after HAAS et al., 2000) . Insert map: geographic setting of the area presented in the sketch map. Legend: BL -Balaton Lineament; ZZL -Zagreb-Zemplin Lineament; PL -Periadriatic Lineament. (c) Sketch map of hypothetical reconstruction of the oceanic belt consisting of Meliata, Repno and Central Dinaric Ophiolite Zone segments (after BABIĆ et al., 2002) .
The study area comprises the southwestern part of a larger zone, about 100 km wide and 400 km long, sheared between two regional fault systems, the Zagreb-Zemplin Lineament to the south and the Periadriatic-Balaton Lineament to the north, which was (after PAMIĆ & TOMLJENOVIĆ, 1998), recognized as the ZMTDZ (Fig.  1A-B) . This area forms a junction between the Southalpine and Austroalpine Unit, the Tisza Mega-Unit and the Internal Dinarides. It is also known as the Sava Unit (HAAS et al., 2000; Fig. 1B) . The ZMTDZ includes triangular shaped intra-Pannonian inselbergs: Mts. Kalnik, Ivanščica, Medvednica and Samoborska Gora. The inselbergs are composed of pre-Neogene heterogeneous and superimposed Dinaric and Alpine tectonostratigraphic and tectonometamorphic units, (see for example: PAMIĆ & TOMLJENOVIĆ, 1998; TARI & PAMIĆ, 1998; HAAS et al., 2000; HAAS & KOVÁCS, 2001; PAMIĆ, 2002) . However, the origin of these units is still debated. Structural and palaeomagnetic data indicate that the pre-Neogene basement of Mts. Ivanščica, Kalnik and Medvednica experienced large, regional-scale tectonic transport from the northwest, and an approximately 130° clockwise rotation during the Oligocene to the earliest Miocene , that aligned them almost perpendicular to the overall northwest -southeast Dinaric structural trend. When reconstructed for this clock-wise rotation, these three mountains continue the main Dinaric trend to the northwest. On the basis of their similar tectonostratigraphic evolution, SCHMID et al. (2008) considered the ZMTDZ to be part of the Western Vardar Ophiolite Unit.
The Kalnik and Ivanščica Mts. ophiolite mélange (Figs. 2A and B) form the two separate northern mélange areas of the Kalnik Unit (Fig. 1B) . The Kalnik Unit consists of the lithological remnants of a discrete oceanic domain that connects the Dinaric-Vardar ophiolites, located to the southwest, with the Meliata-Maliak ophiolites exposed to the northeast. Based on matrix palynomorph assemblages, the accretionary age of the Kalnik Unit, i.e. ophiolite mélange is inferred to be Middle Jurassic to Hauterivian (BABIĆ et al., 2002) . This time interval represents a period of accumulation of lithostratigraphically diverse material in the intra-oceanic trench (SLOVENEC et al., 2011) .
The Kalnik Unit was involved in Aptian to post-Palaeocene emplacement onto the eastern continental margin of the Adria plate (PAMIĆ & TOMLJENOVIĆ, 1998; PAMIĆ, 2002) . However, the basement rocks of the Kalnik Unit in the Ivanščica and Kalnik Mts. are not known. In Mt. Medvednica, the Kalnik Unit is thrust onto Aptian low-grade metamorphic complexes (Medvednica Unit, HAAS et al., 2000; Fig. 1B) , generated during the emplacement of the Late Jurassic island-arc onto the Adria continental margin (LUGOVIĆ et al., 2006) . However, the pelitic to silty matrix of the Kalnik Unit does not show a metamorphic overprint from burial diagenesis (JUDIK et al., 2008) .
LOcAL GEOLOGY AND DEscrIPtION OF tHE stUDY ArEA
A simplified geological map of the Kalnik and Ivanščica Mts. is shown in Figures 2A and 2B , respectively. The oldest rocks in the area are Middle-Upper Triassic limestones and dolomites derived from the Adriatic passive continental margin (ŠIMUNIĆ et al., 1982; HALAMIĆ, 1998 (ŠIMUNIĆ et al., 1981) . The common constituents of these breccias are fragments of Triassic algal and stromatolitic limestones and dolomites, as well as Jurassic and Upper Cretaceous limestones. Similar breccias are also found in nearby Mt. Medvednica (ŠIMUNIĆ et al., 1993) , and were encountered during drilling in the Drava Depression (ŠIMUNIĆ & PAMIĆ, 1989 ) suggesting a wide areal extent.
Several individual fragments of highly serpentinized mantle peridotites (lherzolites) were exhumed at the mountain ridge tectonic zone (POLJAK, 1942) , together with a composite block of serpentinized lherzolite underlain by metamorphic sole amphibolites (LUGOVIĆ et al., 2007) . The amphibolites were dated by K-Ar on amphibole separates which yielded an age of 118 ± 8 Ma (IGNJATIĆ, 2007) . The northern part of the Mt. Kalnik ophiolite mélange is thrust onto the Neogene-Pleistocene sedimentary succession (ŠIMUNIĆ et al., 1982) . All other contacts of the ophiolite mélange areas of Mts. Kalnik and Ivanščica exhibit a tectonic-erosional unconformity against the youngest Neogene and Pleistocene sedimentary rocks ( Fig. 2A-B) .
The ophiolite mélange areas of Mts. Kalnik and Ivanščica show similar structural features characterized by a "blockin-matrix" fabric, typical of chaotic complexes from subduction-related tectonic mélanges (FESTA et al., 2010) . They are dominated by magmatic rocks and contain lithostratigraphically heterogeneous fragments of sedimentary rocks including greywacke, minor shale, red and grey cherts, and scarce limestones (ŠIMUNIĆ et al., 1982) . The fragments range in size from pebbles to hectometre-kilometre sized blocks embedded in a predominantly sheared continent-derived pelitic to silty matrix ( Figs. 2A-B) . Fragments of mafic extrusive rocks are the prevailing magmatic lithologies in both ophiolite mélange areas. They show various geochemical signatures consistent with their different geotectonic formational settings during an age span from the Illyrian to the late Oxfordian (SLOVENEC et al., 2011) . Gabbroic rocks are relatively abundant in the mélange areas of Mts. Kalnik and Ivanščica and occur as hectometre-sized homogeneous blocks (CRNKOVIĆ et al., 1974; VRKLJAN, 1989; PAMIĆ, 1997; VRKLJAN & GARAŠIĆ, 2004 ; Fig. 2A-B) . However, an exceptional composite gabbro block, intersected by a metre-wide dacitic dyke was observed in Gotalovec quarry at Mt. Ivanščica. In the field, part of these Cretaceous blocks ( Fig. 2A, location 3 and Fig. 2B , location 3) appear as faultbounded tectonic inclusions subsequently embedded in the mélange during the ophiolite emplacement. The locations of the all analysed blocks are indicated in Figure 2A for Mt. Kalnik and Figure 2B for Mt. Ivanščica.
ANALYtIcAL tEcHNIQUEs
The mineral compositions of ten samples were analysed at the Mineralogisches Institut der Universität Heidelberg, Germany, using a CAMECA SX51 electron microprobe equipped with five wavelength-dispersive spectrometers. Measurements were performed using an accelerating voltage of 15 kV, a beam current of 20 nA, beam size of ~1 µm (for feldspars 10 µm) and 10s counting time for all elements. Natural oxides and silicates were used as standards and for calibration. Raw data were corrected for matrix effects with the PAP algorithm (POUCHOU & PICHOIR, 1984 , 1985 implemented by CAMECA. Calculations of the structural chemical formulae were undertaken using a software package written by Hans-Peter Meyer (Mineralogisches Institut, Heidelberg).
Bulk-rock powders for chemical analyses of 21 samples were obtained from vein-free rock chips. The samples were analysed by ICP-OES for major elements and ICP-MS for ŠIMUNIĆ et al., 1982 and HALAMIĆ, 1998) . Legend: 1 -Neogene and Pleistocene sedimentary rocks; 2 -Jurassic-Cretaceous limestones; 3 -ophiolite mélange with blocks of: 3a -basalt, 3b -gabbro, 3c -tectonite peridotite and Triassic-Jurassic radiolarites, sandstones and shales (not separated on the maps); 4 -Triassic limestones and dolomites; 5 -reverse or thrust faults; 6 -normal faults; 7 -discordance line, tectonic-erosion discordance; 8 -sample location (Mt. Kalnik: 1 = vsk-242/2, vsk-242/4, vsk-242/6; 2 = vsk-204; 3 = vsk-229/1, vsk-229/7, vsk-229/12; 4 = vsk-228, vsk-228/2, vsk-228/5; 5 = vsk-217/1; Mt. Ivanščica: 1 = be-3; 2 = vsi-5; 3 = vsi-8/1, vsi-8/2; 4 = vsi-7/1; 5 = gi-2, gi-5, gtc-3, gtc-4, gtc-6); 9-picture break; 10 -quarry. Nd/ 144 Nd ratio for the La Jolla standard was 0.511845 ± 0.000010 (2σ) (n = 22). Total procedural blanks were ~500 pg and ~ 150 pg for Sr and Nd, respectively. 40 Ar/ 39 Ar analysis was performed at the Institut für Geowissenschaften der Universität Heidelberg, Germany. The amphibole separate from the gabbro sample vsk-228 was prepared by crushing and sieving the 200-400 μm fraction followed by magnetic separation and finally by handpicking under a stereomicroscope. For irradiation, the samples were wrapped in Al-foil and packed into an evacuated and Cdshielded quartz tube. They were irradiated for 15 days with 2*10 18 fast neutrons/cm 2 . The irradiation was performed in the FRG-1 reactor of the Kernforschungszentrum Geesthacht, Germany. An apparent age and the flux gradients of the reactor were determined by an in-house muscovite standard; muscovite BMus/2, 328.5 ± 1.1 Ma, 1s (SCHWARZ & TRI-ELOFF, 2007) . Ar was extracted in a resistance-heated Ta furnace in a double-vacuum system up to 1400°C. The gas was cleaned using Zr-Al getters and a cooling trap. Ar isotope compositions were measured in a MAT GD-150 gas mass spectrometer with no detectable argon background. Constants used for age calculations are those recommended by STEIGER & JÄGER (1977) -note that suggestions for a revised decay constant for Ar-Ar dating (RENNE et al., , 2011 SCHWARZ et al., 2011) would increase the apparent age by 1% in this age range. The argon amounts were corrected for blanks, decay and irradiation interference reactions. 40 Ar/ 39 Ar age uncertainties comprise the errors of the 40 Ar/ 39 Ar ratios of the irradiation monitors and age errors of the monitor. When two age uncertainties are given, the first error is without, while the error in parentheses is with monitor errors. All error assignments of argon isotopic ratios and ages given within this paper are within ± 1σ, unless otherwise stated.
The K-Ar age data are measured on plagioclase separated from three gabbros (sample vsk-228/5, vsk-229/7 and vsi-8/1). Plagioclase was separated by an electromagnetic separator and standard heavy liquid techniques and finally was purified by hand picking under a stereomicroscope. The K concentration and Ar analysis were determined by ICP-OES and an isotope dilution procedure on noble gas mass spectrometry, respectively. The analyses were performed at the Activation Laboratories in Ancaster (Canada). The Ar analysis: Aliquot of the sample is weighted into an Al container, loaded into the sample system of the extraction unit, degassed at ~ 100°C over 2 days to remove the surface gases. Argon is extracted from the sample in a double vacuum furnace at 1700°C. The Argon concentration is determined using isotope dilution with 38 Ar spike, which is introduced to the sample system prior to each extraction. The extracted gases are cleaned up in a two-step purification system. Then pure Ar is introduced into the custom built magnetic sector mass spectrometer (Reinolds type ) with Varian CH5 magnet. The ion source has an axial design (Baur-Signer source), which provides more than 90% transmission and extremely small isotopic mass-discrimination. Measurement of Ar isotope ratios is corrected for mass-discrimination and then atmospheric argon is removed, assuming that 36 Ar is only from the air. The concentration of 40 Ar radiogenic is calculated using the 38 Ar spike concentration. After each analysis the extraction temperature is elevated to 1800°C for few minutes and the furnace is prepared for the next analysis. K-analysis: Aliquot of the sample is weighted into a graphite crucible with lithium metaborate/tetraborate flux and fussed using a LECO induction furnace. The fusion bead is dissolved with acid. Standards, blanks and sample are analysed by an ICP Spectrometer.
PEtrOGrAPHY AND MINErAL cHEMIstrY
The studied gabbroic rocks are isotropic with preserved igneous fabric and show a non-cumulus anhedral granular texture with grain sizes of 1-3 mm and homogene structure. They were subdivided on the basis of their petrographic characteristics into three groups. The gabbros of group A are composed of plagioclase and augite, the gabbros of group B additionally contain variable edenitic amphibole, whilst edenite represents a minor phase in group C samples (Figs. 3A, B, C). Ilmenite and apatite occur as accessory minerals in all groups. Due to the textural relationships of edenite and its high content of TiO 2 , Al 2 O 3 and Na 2 O (up to 2.5, 8.3 and 2.7 wt%, respectively; Table 1 ) it is interpreted as an igneous mineral (compare with COOGAN, 2003) , cotectic with augite (Table 2 ). These amphiboles have slightly different compositions compared to their Mt. Medvednica analogues which are classified as magnesiohornblende (Fig. 4) . Some of the primary amphibole grains are partly altered to actinolite, ferroactinolite or ferro-anthophyllite (Table 1 ; Fig. 4 ). However, magnesiohornblende in the analysed gabbroic rocks may have formed during late crystallization of an evolved hydrous magma and may reflect the influence of a deep oceanic crustal hydrothermal system. The Gotalovec quarry gabbroic rocks (Fig. 2B , location 5; which are included in group C based on their geochemical similarities) are characterised by coarse grained intergranular textures and form a texturally unique group. They contain discrete domains of parallel oriented ilmenite plates (up to 35 µm wide) exsolved from completely decomposed mineral. A significant chemical difference with respect to the Mn-content of ilmenite was measured between rocks of groups B and C, (7.82-7.96 wt% vs. 3.28-4.67 wt% MnO), respectively. The representative gabbro (sample vsk-242/2) from group A contains low-Mn ilmenite (< 1.5 wt% MnO) typical of ocean ridge gabbros (HÉBERT et al., 1991) . Plagioclase in gabbro samples of group A shows a nearly homogenous composition (An~5 0-45 ). However, magmatic plagioclase preserved The dacite dyke intersecting gabbroic rocks in the Gotalovec quarry (Fig. 2B , location 5) shows a dense aphyric finegrained pilotaxitic to intergranular texture. Close to the contact with the gabbro it may contain scarce clinopyroxene and albite phenocrysts. Clinopyroxene microphenocrysts are only partly replaced or pseudomorphed by ferroedenite/ferrohornblende corresponding to high temperature deuteric alteration, whereas chlorite, pumpellyite and titanite probably reflect hydrothermal alteration. The groundmass consists of albite laths, acicular clinopyroxene, interstitial quartz, ilmenite, chlorite and accessory pumpellyite, zircon, apatite and tourmaline.
Clinopyroxene composition is repeatedly used as an indicator of petrogenesis and geotectonic setting, particularly in ophiolites and other ocean-related rocks (BECCALUVA et al., 1989) . Selected clinopyroxene compositions from the analysed rocks are shown in Table 2 , plotted in the classification diagram in Figure 5 , and displayed in geochemical geotectonic discrimination diagrams in Figure 6 .
The clinopyroxene from the gabbroic rocks of all groups is augite (Wo 36.5-44.7 En 29.8-47.7 Fs 11.0-29.7 ). In some samples augite is partly altered to trioctahedral (Type "I" of ZANE & WEISS, 1998) chlorite and belongs to the clinochlorechamosite series. In all analysed samples clinopyroxenes show normal zoning patterns with continuously decreasing Mg# towards the rim of the crystal, the widest range of 85.4 to 65.7 was measured in the Gotalovec quarry sample gtc-4. This type and intensity of zoning is typical for slow cooling in a closed magmatic system (STERN, 1979) . Dacite clinopyroxene has a low-Al ferroaugite composition En 16.8-26.9 Fs 31.4-41.9 ). Both populations show a significant Fe-enrichment trend ( Fig. 5 ; Table 2 ). The dacite clinopyroxene composition is typical for a highly evolved acidic magma as seen in Figure 6 where it occupies a position with the lowest Ti and highest Na-abundance. Clinopyroxenes from the gabbroic group A, show the lowest Wo-and higher Fs-content (Fig. 5) and have significantly higher Ti-abundance than clinopyroxene populations hosted in the gabbroic rocks of groups B and C ( Fig. 6 ; Table 2). The clinopyroxenes from group B show compositions similar to clinopyroxenes hosted in amphibole gabbros from nearby Mt. Medvednica (Fig. 5 ) that are related to late Middle Jurassic intra-oceanic subduction in the ROD (SLO-VENEC & LUGOVIĆ, 2008) . In the same figure, the clinopyroxene populations from group A show a wide span of Fs-content and overlap with clinopyroxene compositions from rocks of group C. Table 3 displays the results of 20 analyses of gabbroic rocks and 1 dacite from the Ivanščica and Kalnik Mts. tectonosedimentary ophiolite mélange. Nd and Sr isotopic composition of 6 gabbroic samples are shown in Table 4 .
bULK rOcK cHEMIcAL cOMPOsItION
The analysed gabbroic rocks were subdivided on the basis of geochemical criteria into three geochemical groups (see Section 6 below) which were isotopically dated to three distinct geological times (see Section 7 below). The geochemical group A is represented by the Early Jurassic sample vsk-242/2 ( Fig. 2A, location 1) , group B by the Late Jurassic samples vsk-228 and 228/5 ( Fig. 2A, location 4) and geochemical group C by Early Cretaceous samples vsk-229/7 ( Fig. 2A , location 3) and sample vsi-8/1 (Fig. 2B, location 3) .
The analysed gabbroic rocks partly underwent deuteric and sea-floor hydrothermal alteration which resulted in a minor increase in the loss on ignition (LOI £ 3.08 wt%) and minor chemical modification of the major elements. In addition, the TiO 2 vs. Al 2 O 3 diagram (COLOMBI, 1989) clearly shows that all analysed gabbros reflect basaltic liquid composition (Fig. 7A ). This indicates that our gabbroic rocks may be considered to reflect original magmatic composition. In the (Na 2 O + K 2 O) vs. SiO 2 classification diagram for intrusive rocks (COX et al., 1979) , all rocks plot in the subalkaline field (Fig. 7B) . The majority of the mafic samples plot in the gabbro field and only sample gtc-3 from Gotalovec quarry represents a true diorite composition, pointing to the relative immobility of Na and K. In the same type of diagram for volcanic rocks, the felsic dyke (sample gtc-6) intersecting the Gotalovec quarry intrusives, plots in the dacite field (not shown). Samples from Gotalovec quarry represent the fractionated rocks, whereby sample gtc-4 is the least fractionated specimen. On the basis of co-variation of TiO 2 and Mg# following the classification scheme for ophiolitic gab- Sample location number corresponds to the locations in Figure 2A- Sample location number corresponds to the locations in Figure 2A -B. broic rocks (SERRI, 1981) , the analysed samples of groups A and C correspond to a high-Ti gabbro (typical for a MORB/ BABB setting) and samples of group B match to the low-Ti suite (typical for a SSZ setting). Successive alteration may also mobilize trace elements that are very important indicators of petrogenetic processes and for the geotectonic formational setting of the rock. A test of trace element mobility in our samples was applied by plotting their concentration against Zr (not shown). High-field strength elements Ti, P, Ta, Nb, Y and Th (HFSE) as well as all rare earth elements (REE) appeared to be relatively immobile during alteration. In contrast, almost all large ion lithophile elements (LILE) showed selective, but generally high intensities of mobility and consequently will not be utilized for petrogenetic and geotectonic constraints. On multielement abundance patterns normalized to N-type MORB, the analysed gabbros reveal a broad variety of compositions (Fig. 8A,B) , suggesting different sources and/or fractional spans. Neglecting the LILE, which are selectively enriched due to alterations, the relative concentration profile is characterized by smooth patterns at 0.6 to 9.8 times relative to N-MORB. However, all samples of geochemical groups B and C display a negative anomaly for Nb, Ta and Ti, which is atypical for N-MORB, and indicates an input of a subduction component. These compositional patterns designated as N-MORB-type with arc signatures (SHERVAIS, 2001 ) are very common in mafic rocks of the Dinaric ophiolites (LUGOVIĆ et al., 1991; TRUBELJA et al., 1995) . The absence of a subduction component input [(Nb/La) n = 0.95-0.99; (Ti/Gd) n = 0.97-1.00] is only observed in the gabbro samples of the group A that are generated during the Early Jurassic (Fig. 8A1) . The highest input of subduction related components [(Nb/La) n = 0.32-0.42; (Ti/Gd) n = 0.78-0.85] is recorded in the Late Jurassic edenite gabbro samples of group B and suggests generation in an upper plate during intra-oceanic convergence. In these respects, they are very similar to the amphibole gabbros from the nearby Mt. Medvednica ophiolite mélange (Fig. 8A1) . However, the Early Cretaceous gabbros of group C, show intermediate values [(Nb/La) n = 0.58-0.69; (Ti/Gd) n = 0.74-1.07; Fig.  8A2 ] between the gabbros of the former groups.
The analysed gabbros display similar chondrite normalized REE profiles at very different relative concentration levels which are characterized by flat patterns with a slight depletion in the LREE (Figs. 8B1 and 8B2 ). The intensity of LREE depletion expressed as (La/Sm) cn increases from the representative Early Jurassic (group A) via the Early Cretaceous (group C) to the Late Jurassic (group B) gabbroic rocks 0.79, 0.73-0.77 and 0.48-0.49, respectively) . This is consistent with overall depletion of the samples shown by the concentration levels of their REE patterns (Figs. 8B1 and 8B2) . The dacite dyke and host diorite from the Gotalovec quarry show MREE to HREE profiles 40-46 times relative to chondrite and represent highly fractionated compositions. The calculated range of Eu anomalies (0.77-1.09) is typical for fractionation and minor accumulation of plagioclase in the individual samples, respectively.
The measured 143 Nd/ 144 Nd ratios of gabbroic rocks are similar and vary from 0.512923 to 0.512964 which corresponds to respective initial ε Nd(T) values ranging from +5.41 to +6.43 (Table 4 ). The 87 Sr/ 86 Sr ratios range from 0.703208 to 0.704316 and correspond to respective initial ratios of 0.703122 to 0.703977. The initial ε Nd and 87 Sr/ 86 Sr ratios of the representative Early Jurassic (group A) gabbroic rock plot in the MORB field, while the all other representative Late Jurassic (group B) and Early Cretaceous (group C) gabbro samples plot in the field of recent island-arc and backarc analogues (Fig. 9 ).
PrEVOUsLY PUbLIsHED AND NEW IsOtOPIc DAtING

K-Ar dating
Previously published K-Ar dating of the MORB-type gabbro south from of the Hruškovec quarry revealed an Early Jurassic (Pliensbachian) age of 185 ± 6 Ma (PAMIĆ, 1997). Here, a gabbro from the same block [sample vsk-242/2 ( Fig.  2A, location 1) ] is geochemically characterized and used as a representative for geochemical rock group A.
New K-Ar age data, presented here, are measured on plagioclase separated from gabbro [sample vsk-228/5 ( Fig.  2A, location 4) ] of geochemical rock group B, and two gabbros [sample vsk-229/7 ( Fig. 2A, location 3 ) and vsi-8/1 (Fig. 2B, location 3) ] of geochemical rock group C. The results are presented in Table 5 .
We interpreted the ages as the ages of rock consolidation. The time of rock consolidation (146.4 ± 3.4 Ma) for gabbro which is used as a representative for geochemical rock group B in geological terms matches the Late Jurassic (Tithonian).
However, the other two ages (107.6 ± 4.2 Ma and 103.4 ± 3.6 Ma) obtained for BABB-type gabbros which are used as representatives for geochemical rock group C in geological terms correspond to the latest Early Cretaceous (Albian).
40 Ar-39 Ar dating
The results of the 40 Ar-39 Ar measurements on a magmatic amphibole (edenite -Table 1, Fig. 4 ) separate of sample vsk-228 ( Fig. 2A, location 4) are displayed in Table 6 and Figure  10 . The initial heating steps indicate variable ages, steps 4-7 (with 70% of the released gas) suggest an apparent age of 147 ± 7 Ma. The last step of the spectrum is higher than the mean age, indicating inherited argon (e.g. from high-temperature minerals like apatite). The Ca/K spectrum (Fig. 10B) is increasing, suggesting some contamination of the measured sample by a mineral degassing at lower temperatures than amphibole and containing more potassium rather than calcium.
The plateau age of 147 ± 7 Ma from sample vsk-228 seems to be geologically significant, especially considering the similar age (146.4 ± 3.4 Ma) of sample vsk-228/5 from the same block obtained using K-Ar dating. We interpreted this plateau age as the age of gabbro crystallisation. Furthermore, it is (significantly) different in age from the gabbro south of the Hruškovec quarry of 185 ± 6 Ma. Therefore, this Late Jurassic gabbro is also used as a representative for geochemical rock group B.
DIscUssION AND cONcLUsIONs
Besides the dominant extrusive oceanic rock fragments, the Kalnik Unit also contains blocks of deep crustal sequences represented by ultramafic cumulates (LUGOVIĆ et al., 2007) , as well as mafic cumulate and isotropic plutonic rocks (SLOVENEC & LUGOVIĆ, 2008) . The latter sequence, which was studied at the nearby Mt. Medvednica ophiolite mélange, comprises gabbro and predominant amphibole gabbro compositions, including a gabbro-pegmatite dated to 161.1 ± 2.1 Ma (Callovian-Oxfordian) (SLOVENEC & LUGOVIĆ, 2008) . It was suggested that the Mt. Medvednica mafic-ultramafic crustal sequence represents remnants of a proto-arc-forearc system that was initiated in the ROD in Bathonian times (SLOVENEC et al., 2011) . Isotropic gabbroic fragments are more abundant in the northern areas of the Kalnik Unit, in the Kalnik and Ivanščica Mts. ophiolite mélange. In this work, the analysed gabbroic rocks are subdivided on the basis of petrographic and geochemical criteria into three groups (group A, B and C) which were isotopically dated to three distinct geological times. These gabbroic rocks show a similar overall bulk rock chemistry (Fig. 8), isotopic compositions (Fig. 9 ) and clinopyroxene compositions (Fig. 5) , that compare well with the analogues from the MORB, IAT and BABB geotectonic environments, respectively. This particularly holds true for the Early Jurassic and Early Cretaceous representative gabbros, whereas the Late Jurassic gabbros, follow an IAT trend also inferred for the Middle-Late Jurassic isotropic gabbros from the nearby Mt. Medvednica ophiolite mélange, as analysed by SLOVENEC & LUGOVIĆ (2008).
tectonomagmatic and petrogenetic significance a) Geochemical group A -Early Jurassic gabbroic suite
The amphibole-free gabbroic block [sample vsk-242/2 ( Fig.  2A, location 1) ], from Mt. Kalnik, dated by PAMIĆ (1997) to 185 ± 6 (Pliensbachian) has been assigned as the representative of the Early Jurassic geochemical group of rocks. Its geochemical characteristics are the most akin to slightly evolved N-MORB of all the analysed gabbro samples. This is evident from the normalized bulk rock chemistry (eg. multi-element abundance patterns normalized to N-type MORB; Fig. 8A1 ), initial Nd-Sr isotopic composition (Fig. 9) as well as the highest clinopyroxene Ti-abundances (Fig. 6) and position of the rocks in the selected geotectonic discrimination diagrams (Fig. 11) . The absence of the subduction component input expressed by the ratio (Nb/La) n of 0.95-0.99, strongly suggests formation of the gabbroic rocks of group A at a ridge, spreading over a subducting slab at the terminal stage of the PalaeoTethyan slab break-off, which was previously dated to the Bajocian (SLOVENEC et al., 2011) . The amphibole-free gabbro represents a plutonic sequence of crust formed during the Early Jurassic onset of ocean-floor spreading in the ROD.
The residual mantle where these Early Jurassic gabbros were fractionated from should have extracted around 5% of partial melt (Fig. 12) . However, a very high fertile mantle residuum (lherzolite) that is abundant in the CDOB ophiolite complexes (LUGOVIĆ et al., 1991; BAZYLEV et al., 2008) has not been previously observed in the ROD mélanges.
b) Geochemical group B -Late Jurassic gabbroic suite
A gabbroic crystallization sequence with magmatic amphibole, in this case edenite (Table 1, Fig. 4 ) represented in Late Jurassic samples vsk-228 and vsk-228/5 ( Fig. 2A, location  4) , in the context of ophiolites, is typical for the fractionation of tholeiitic basalts, under low to medium pressures in suprasubduction settings (SERRI & SAITTA, 1980) . It is atypical for mafic rocks from an ocean ridge (PEARCE et al., 1984) . However, accessory amphibole may crystallize at the ocean floor near to transform faults (CONSTANTIN, 1999) and mid-ocean ridges, where formation of Ti-pargasite-tschermakite is confined to the late-magmatic evolution of an intrusive sequence as an interstitial phase with low abundance (TRIBUZIO et al., 2000; COOGAN et al., 2001 ). In contrast, abundant magmatic amphibole is typical for rocks related to true subduction magmatism, sensu STERN (2004) that is, for the rocks crystallized from melt derived from the mantle wedge, metasomatized by a flux of fluids released from the subducting slab. These volatile-rich magmas produced by hydrous melting of the mantle wedge (TATSUMI (SHERVAIS, 1982) . IAT = island-arc tholeiites, MORB = mid-ocean ridge basalts, BABB = back-arc basin basalts, CAB = calc-alkaline basalts, CFB = continental flood basalts, OIB = ocean-island basalts and AB = alkali basalts. (b) Th -Hf/3 -Nb/16 diagram (WOOD, 1980) . N-MORB = normal mid-ocean ridge basalts, E-MORB = enriched MORB, WPT = within plate tholeiites, WPB = alkaline within plate basalts, CAB = calc-alkaline basalts and IAT = island-arc tholeiites. 1 -crustal contamination; 2 -SSZ ophiolites trend; 3 -MORB ophiolites trend. (c) Ta/Yb -Th/Yb diagram (PEARCE, 1983) . S -subduction zone enrichment; C -crustal contamination; W -within-plate enrichment. N-MORB, E-MORB and OIB are from SUN & MCDONOUGH (1989) . T-MORB is from GESHI et al. (2007) . Data for back-arc basin basalts (BABB) fields are from PEARCE et al. (1984) , EWART et al. (1994) and LEAT et al. (2000) . ( larly in La (LUGOVIĆ et al., 1991; BAZYLEV et al., 2008) . Subsequent subduction related enrichment of these peridotites in the mantle wedge will never increase La (as well as other LREE) concentration to an extent capable of producing a typical IAT REE pattern of partial melts (SLOVENEC & LUGOVIĆ, 2009) . The Late Jurassic IAT-type amphibole gabbro is derived from the plutonic sequences of crust formed in the upper plate during initial subduction in the ROD. According to the La/Yb vs. La diagram (Fig. 12) , the analyzed Late Jurassic gabbros from Mt. Kalnik, represent crust derived from a depleted mantle wedge that suffered around 13-17% partial melting. Amphibole-bearing transitional harzburgites inserted within the Campanian-Maastrichtian rudist limestones from Gornje Orešje in nearby Mt. Medvednica (LUGOVIĆ et al., 2007) with U-shaped REE patterns and slightly depleted spinel compositions (Mg# ~ 0.67; Cr# ~ 0.41) consistent with ~ 15% partial melting, perfectly matches the residual mantle after extraction of the parental melt. Another transitional harzburgite slice from Gornje Orešje showing a more depleted spinel composition (Mg# ~ 0.56; Cr# ~ 0.45) which is consistent with ~ 20% partial melting, may represent vestiges of the residual mantle from where the Mt. Medvednica gabbros were derived.
The geochemical signatures of the gabbro samples vsk-228 and vsk-228/5 indicate magmatism at around ~ 147 Ma (Tithonian) related to a nascent island-arc setting. Since this age is younger than those obtained on island-arc basalt from & EGGINS, 1995) crystallize amphibole-bearing mafic-ultramafic rock associations, either in island-arcs or continental margins (CONRAD & KAY, 1984; DEBARI & COLEMAN, 1989; CLAESON & MEURER, 2004; KOCAK et. al., 2005) . Based on their strong mineralogical and geochemical similarities with recent or ancient lithological analogues, most of the blocks representing the oceanic plutonic succession archived in the Kalnik and Medvednica Mts. ophiolite mélange, must have formed in a supra-subduction setting. from Mt Kalnik ( Fig.  2A , location 2 and 5), systematically plot in the field of islandarc tholeiites (Fig. 6 and 11 ). They show a strong subductionrelated signature expressed as negative HFSE anomalies (Fig.  8A1) . Initial ε Nd and 87 Sr/ 86 Sr ratio (Fig. 9 ) also indicates their supra-subduction origin. At the same time, the sample shows significant depletion of LREE (Fig. 8B1) , which is a peculiar geochemical feature of late Middle-to Late Jurassic suprasubduction magmatism, recorded by the extrusive blocks in the Kalnik and Ivanščica Mts. ophiolite mélange (SLOV-ENEC et al., 2011) . The amphibole gabbros from the nearby Mt. Medvednica ophiolite mélange (Fig. 1A-B) , although apparently older (~ 161 Ma; SLOVENEC & LUGOVIĆ, 2008) , are more influenced by subduction related components (Fig. 6, 8 and 11) . This suggests that the mantle wedge had been previously depleted in LREE by very small increments of melt removal, possibly similar to that for the mantle lherzolites in the CDOB, which are extremely depleted in LREE, particu-Ivanščica Mt. (154 ± 8.7 Ma; see SLOVENEC et al., 2011) , this is the youngest measured age concerning the Late Jurassic intra-oceanic subduction related crust in the ROD.
c) Geochemical group C -Early Cretaceous gabbroic suite
The gabbroic blocks represented by samples vsk-229/7 from Mt. Kalnik and vsi-8/1 from Mt. Ivanščica, dated to the latest Early Cretaceous (Albian) have been adopted as the representative samples of group C. This group also includes undated isotropic gabbro samples with the same or very similar geochemical and mineralogical compositions and characteristics (Table 1-3, Fig. 4-9 and 11) . Gabbros from this block contain minor amounts of edenite (Table 1 ; Fig. 4) , suggesting crystallization from a volatile-bearing magma. Given the bulk rock chemistry, (Table 3 ; Fig. 8 ) and host clinopyroxene composition (Table 2 ; Fig. 6 ), the gabbros show transitional geochemical signatures between the Early Jurassic N-MORBtype gabbros of group A and the Late Jurassic IAT-type gabbros of group B. Geochemical features compiled from selected discrimination diagrams (Fig. 11) as well as initial ε Nd and 87 Sr/ 86 Sr ratios (Fig. 9) indicate the BABB-type affinity of this gabbroic group that clearly forms a discrete trend ( Fig.  11B and 11D ). This suggests that the rock suite of group C may represent cogenetic crustal fragments derived from a similar mantle source. These Early Cretaceous gabbros are formed in an ensimatic back-arc marginal basin of the ROD. Since those gabbros reflect basaltic liquids (Fig. 7A) , their compositions may be used for petrogenetic modelling. The representative gabbro samples and other members of the group, except Gotalovec quarry samples, show ~ 7-9% total partial melting (Fig. 12) . However, the Gotalovec quarry sample gtc-4, albeit being slightly fractionated, may reflect melts derived from a comparatively slightly more depleted mantle source. The other three Gotalovec quarry gabbros are moderately fractionated (Fig. 12) . The highly serpentinized lherzolite from the Mt. Kalnik metamorphic sole, that has undergone 7% of partial melting (LUGOVIĆ et al., 2007) , perhaps could be compositionally reminiscent of the mantle residue of these representative gabbros. The Kalnik lherzolite is LREE depleted due to very small increments of melt removal and in this respect closely resembles Jurassic mantle lherzolites from the CDOB ophiolite complexes (LUGOVIĆ et al., 1991; BAZYLEV et al., 2008) .
The existence of Early Cretaceous oceanic crust in the ROD may be inferred from protoliths of the almandine amphibolite facies metamorphic sole, welded beneath the Mt. Kalnik lherzolite (LUGOVIĆ et al., 2007) . The metamorphic sole includes BABB-type protoliths from plutonic and extrusive sequences that were metamorphosed at 118 ± 8 Ma (IGNJATIĆ, 2007) . The formation of a metamorphic sole bears witness to the termination of spreading and indicates the initial stages of convergence in an oceanic basin, wherein the youngest oceanic crust and parental mantle are involved in a contact dynamo-thermal interaction (e.g. INSERGUEIX-FILIPPI et al., 2000; WAKABAYASHI & DILEK, 2000 , 2003 . The amphibolite-lherzolite composite slice from Mt. Kalnik is tectonically emplaced into Palaeocene carbonate breccias and represents the remnant that provides the crucial key to understanding the tectonomagmatic evolution in the final oceanic stage of the ROD.
Unfractionated and least fractionated samples of group C from Figure 12 resemble the geochemical characteristics of the Aptian metamorphic sole protoliths ( Fig. 11B and  11D) , and may be interpreted as crust formed in an Early Cretaceous back-arc basin. Alternatively, a similar rock suite may have formed during the subduction of an active ridge (e.g. BORTOLLOTTI et al., 2002) , when an enormous volume of magma generated in a relatively short period of time, creates incipient crust in the leading edge of the upper (overriding) plate (e.g. STERN & BLOOMER, 1992) . From this standpoint, the same rock suite should be relatively younger than in the model that assumes its formation at a back arc basin spreading ridge. However, a full time range of crust formation in the Cretaceous back-arc basin of the ROD requires extensive dating.
The composite gabbroic megablock from the Gotalovec quarry (Fig. 2B , location 5) shows a high level of magma fractionation resulting in minor diorite, and finally in the intersecting tholeiitic dacite. These petrogenetic characteristics of the rocks reflect pressure release melting, fractionation and formation of felsic compositions which is analogous with crust formation during the early stage of widening in the modern back-arc basin (SINTON et al., 2003) . Continuous normal zoning observed in edenite suggests fractional crystallization in a closed, deep-seated magma system (STERN, 1979) . The edenite Al-and Ti-content thermobarometer (ERNST & LIU, 1998) suggests the crystallization pressures and temperatures for the Gotalovec megablock were 0.6 GPa at 860 °C. Their petrological characteristics suggest formation at a slow-rate spreading ridge of a marginal basin. However, the alteration pattern of the Gotalovec quarry gabbroic plutonic rocks is, according to the evidence, in many ways similar to that of accreted island-arc terrains reported by MAHLBURG & KAY (1983) , particularly concerning exsolved Mn-rich ilmenite. Assuming the type of alterations atypical for ridge crust, Gotalovec quarry deep crustal rocks must have acted as the leading edge of a back-arc upper plate.
The Cretaceous back-arc basin mantle from the ROD is comparable in most mineralogical and geochemical features to mantle peridotites from the Early Jurassic CDOB ophiolites. This may suggest that it was not affected by the subduction that commenced in the ROD in the Middle Jurassic (Bathonian). If these assumptions concerning gabbroic rocks are generally correct, then rifting and formation of the backarc spreading centre must have initiated in the Early Jurassic (or older ?) lithosphere behind the island-arc. The mode of back-arc opening in the ROD is apparently different to that proposed for most modern back-arc basins (see MARTINEZ et al., 2007) .
Improved geodynamic model for the rOD
In geotectonic modelling of the Neo-Tethyan realm, the ROD ophiolites belong to its easternmost segment (BOR-TOLOTTI & PRINCIPI, 2005) . Disagreement exists as to whether the fragmented ROD oceanic lithosphere, including lithosphere related to the advanced stage rifting has a Di- SLOVENEC et al., 2010 SLOVENEC et al., , 2011 . However, the ROD indeed represents a corner stone domain between these two oceanic systems naric-Vardar oceanic provenance (e.g. PAMIĆ, 1997; HAAS & KOVÁCS, 2001; KISS et al., 2012) , or is a segment of the Meliata-Maliak oceanic system (e.g.GORIČAN et al., (Fig. 1C) , which for example after BABIĆ et al., (2002) and SCHMID et al. (2008) , are assumed to be integral parts of one and the same ocean basin. In general, all parts of the oceanic domain shared a common tectonomagmatic evolution throughout the Mesozoic, although some events might be locally specific and diachronous.
2005; SLOVENEC & LUGOVIĆ
The data presented here chronologically defines the late stage of Early Jurassic spreading, a nascent stage of island-arc formation in the Late Jurassic, and may suggest the existence of a Cretaceous back-arc marginal basin from the Sava-Vardar Suture Zone (PAMIĆ, 2002) or, in other words, from the inner part of the Western Vardar Ophiolite Unit (SCHMID et al., 2008) . Therefore, the results presented in this work only complement the previously proposed segmental model of the geodynamic evolution of the ROD. The proposed model of the geodynamic evolution of the ROD presented in this paper represents a comprehensive model based on all the up to date published research results (see SLOVENEC & LUGOVIĆ 2009 SLOVENEC et al., 2010 SLOVENEC et al., , 2011 .
In the framework of the Dinaric-Vardar oceanic provenance, the ROD probably commenced its geodynamic evolution as an ensialic back-arc basin formed behind a peri-continental volcanic arc, related to Andean-type subduction of the Palaeo-Tethyan lithosphere beneath the European continental margin (STAMPFLI & BOREL, 2002 , 2004 GORIČAN et al., 2005) . Alternatively, it may have formed as a westward prograding embayment of the Neo-Tethys Ocean (see discussion in PAMIĆ et al., 2002; ROBERTSON et al., 2009) .
The oldest record of rifting of the intra-continental lithosphere behind the peri-continental volcanic arc was dated as late Anisian, specifically as Illyrian (SLOVENEC et al., 2010) . The advanced stage rifting is characterized by pelagic carbonate peperites PALINKAŠ et al., 2000 PALINKAŠ et al., , 2008 . The onset of rifting created a rift basin with pelagic sediments and within plate alkali basalt -type crust (SLOVENEC et al., 2010 (SLOVENEC et al., , 2011 KISS et al., 2012) . This basin was located between the future Adriatic microplate and the continental edge of south Laurussia (represented by pieces of the recent ALCAPA, Dacia and Tisza Mega-Unit; Fig. 1A-B) , at least in the early Ladinian. The oldest spreading ridge oceanic crust related to the proto-oceanic stage (first spreading stage in the ROD) is represented by enriched E-MORB-type extrusive rocks formed in the early Ladinian, particularly the late Fassanian, and was followed by depleted E-MORB-type crust in the late Ladinian, T-MORB-type crust in the middle Carnian and the first appearance of N-MORB-type crust in the late Carnian (SLOVENEC et al., 2011; Fig. 13A) . Such a regular chemostratigraphic succession of ridge crust formation through the opening of an ocean reflects a slow spreading rate (eg. WILSON, 1989) .
The T-MORB-type and N-MORB-type crust formed during spreading from the middle to late Carnian, displays slight supra-subduction characteristics inherited from the Middle Triassic subduction of the Palaeo-Tethys (or an earlier subduction?). The inherited SSZ characteristics systematically diminished through the onset of spreading after the late Carnian and completely disappeared until the Bajocian oceanic crust due to the subducting slab-break-off (SLOV-ENEC & LUGOVIĆ, 2009) . Therefore the Bajocian crust is assumed to represent the maximum evolved stage of spreading in the ROD (SLOVENEC & LUGOVIĆ, 2012) . However, this work suggests that the sinking slab should have already broken-off in the Pliensbachian (Fig. 13A) .
Intra-oceanic convergence (the first stage of subduction in the ROD) commenced in the late Middle Jurassic (late Bathonian) as recorded by subduction of an active oceanic ridge and production of "N-MORB with arc signature" crust in the overriding plate (SLOVENEC & LUGOVIĆ, 2009 ; Fig. 13B ). At this stage magmatism was not related to a significantly metasomatized mantle wedge (sensu STERN (2004) and WHATAM & STERN (2011)), and does not represent true subduction derived igneous activity. Due to the onset of spreading accompanied by progressive metasomatism of the mantle wedge during the Callovian-Oxfordian, the IAT-type crust was produced in an infant proto-arc extensional setting (SLOVENEC et al., 2011; Fig. 13B ). The youngest IAT-type edenite gabbro dated here as Tithonian represents the youngest crust related to the first subduction event in the ROD that reflects the nascent stage of formation of an intra-oceanic volcanic arc. Although the amphibolebearing gabbroic rocks from the nearby Mt. Medvednica ophiolite mélange (SLOVENEC & LUGOVIĆ, 2008) are more influenced by subduction related components, they show older formational ages (~ 161 Ma vs. ~ 147 Ma). This inverse chemostratigraphic evolution suggests that true SSZ magmatism might have been delayed and/or was diachronous during the onset of the first subduction event in the ROD. Moreover, it indicates specific metasomatically induced thermal regimes of hydrous partial melting along the subduction front (Fig. 13C) .
A modern fore-arc progressed over a period of about 15 Ma to a mature island arc, accompanied by a coeval and cognate back-arc basin (STERN et al., 1996; BLOOMER et al., 1995) . Rocks typical for a mature island-arc, such as calcalkaline extrusives, have not yet been reported for the ROD and represent a missing link needed to complete the geodynamic model.
The back-arc marginal basin in the ROD must have formed during the Early Cretaceous, but it is not clear when the spreading (second spreading stage in the ROD) commenced (Fig. 13D) . The Early Cretaceous BABB-type lower crust and related mantle peridotites from the ROD show evidence against island-arc involvement in the rifting. Therefore the rifting must have initiated behind the island-arc and led to formation of the extensional back-arc basin. The metamorphic sole derived from BABB-type crust dated to 118 ± 8 Ma (IGNJATIĆ, 2007) indicates termination of back-arc spreading in the basin during the Aptian. Simultaneously, a thick island-arc crust was emplaced onto the continental margin of the Adriatic plate, forming the Mt. Medvednica lower greenschist facies metamorphic complex, and consists of rocks of both pericontinental and oceanic provenance (LUGOVIĆ et al., 2006, with references) . Since the greenschists derived from IAT-protoliths dated to 119 ± 5 Ma (BE-LAK et al., 1995) , the formation of the metamorphic sole in the back-arc basin, and the emplacement of the island-arc onto the Adriatic continental margin, did not appear as sequential events. Formation of oceanic crust in the ROD must have continued after the Aptian, and obviously in the upper plate (second subduction stage in the ROD; Fig. 13E ). This is indicated by the youngest Early Cretaceous (Albian) ophiolites back-arc affinity of rock group C. The back-arc basins or marginal basins located in front of the Tisza-Dacia MegaUnits, where the oceanic crust was formed during the latest Early Cretaceous to early Campanian (e.g. USTASZEWSKI et al., 2009 with references therein), (referred to as ophiolites of rock group C), are included in the Sava-Vardar Zone (PAMIĆ, 2002; Fig. 1A) , or simply the Sava Zone (SCHMID et al., 2008) . This Sava-Vardar zone is thought to be a suture zone between the Dinarides and fragments of the European continental margin (Fig. 1A) . Following this model, the ROD back-arc basin from the Aptian (formation of metamorphic sole) onwards, may be interpreted as one of several discrete marginal basins stretching along the Sava-Vardar-Izmir-Ankara-Erzinam Suture Zone. The next Cretaceous marginal basin domain of this suture zone may be envisaged in North Kozara in the southeast (Fig. 1A) where Campanian bimodal magmatic succession reflects its stage of closure (USTASZE-WSKI et al., 2009; model b2) .
The ROD back-arc basin closed to a great extent during the latest Late Cretaceous (Fig. 13F) as deduced from peridotite clasts in Campanian basal conglomerates (HALAMIĆ, 1998) , subaerial weathering of peridotites into Ni-lateritic crust (PALINKAŠ et al., 2006) and composite peridotiteamphibolite slices tectonically emplaced into Palaeocene breccias (LUGOVIĆ et al. 2007) .
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